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2OO y 
Selecting a first query and a second query from the query log, 

wherein the query log is stored in a database located on at least one YV1210 
computing device. 

y 
Acquiring a set of common Uniform Resource Locators (URLs) that 
were each selected in response to outputs of the search engine for the YV 
first query and that Were cach Sclected in responsc to outputs of the 220 

Search engine for the Second query. 

y 
Measuring a click similarity between the first and second queries 

based on the acquired set of common URLs for the first and second /V/ 230 
queries. 

Identifying a set of phrase-tag pairs for the first query and a set of 
phrase-tag pairs for the Second query, wherein a tag consists of a M240 

selected number of tokens in the query and the phrase is the 
remaining tokens in the query. 

Measuring a tag similarity between phrase-tag pairs for the first and 
Second queries. 1\- 250 

t 
Determining the first and Second queries are synonyms when the 

click similarity and the tag similarity measurements are each greater YV1260 
than a predetermined threshold value. 

Storing a query that is determined as a Synonym in an entity database 
located on at least one computing device to enable the query Y\- 270 

synonym to be associated with the entity. 

FIG. 2 
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300 N 

Providing a query log containing a plurality of queries Submitted to a search 
engine, wherein the query log is stored in a database located on at least one Y \- 310 

computing device. 

Dividing each of the queries into a set of phrase-tag pairs, wherein each tag is a YV 
Sclected portion of the query and the phrase is a remaining portion of the query. 320 

Calculating a mutual information value for each phrase-tag pair in the set of Y\/ 330 
phrase-tag pairs for each query. 

FIG. 3a 
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300 N 

Selecting an entity query in the query log. M 340 

Identifying each candidate query in the query log, wherein each candidate 
query shares at least one common click on a URL that was selected in response 1\- 350 
to outputs of the search engine for the entity query and the candidate query. 

Measuring a click similarity between the entity query and each candidate query, 
wherein the click similarity is based on an acquired set of URLs that were 

selected in response to outputs from the search engine for the entity query and Y\ll1 360 
an acquired set of URLs that were selected in response to outputs from the 

Search engine for each candidate query. 

Measuring a tag similarity between the phrase-tag pairs for the entity query and 
each of the candidate queries based on the calculated mutual information YV-370 

values. 

Determining the entity query and a selected candidate query are synonyms 
when the click similarity and the tag similarity measurements between the Y\- 380 

entity query and the Selected candidate query are greater than a tag similarity 
threshold and a click similarity threshold. 

Storing a candidate query that is determined as a synonym to the entity query 
in an entity database located on at least one computing device to enable the YV1 390 

candidate query to be associated with the entity query. 

FIG. 3b 
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IDENTIFYING ENTITY SYNONYMS 

BACKGROUND 

0001 Search engines on the internet enable users to 
quickly locate a desired internet site, Subject, good, or ser 
vice. Large databases are often used to connecta search query 
with a desired result. For example, Vertical search engines, 
Such as shopping search engines, rely heavily on a product 
database. When a user searches for a desired product, such as 
an Acme Products Inc. 10x Zoom Camera 350i, that product 
is located in the product database to provide the user with 
detailed information regarding the product. However, most 
users do not provide the entire product’s name to a search 
engine. This can make it more difficult to locate in a database, 
requiring more complex and timely searches. 
0002 One approach to provide better search results is to 
expand a database with 'synonyms of product names that 
then match the query, such as various portions of the full 
product’s title. However, many users often enter information 
that is not even part of a product’s actual name. For example, 
the hypothetical new Acme Products camera used in the 
example above may have the ability to take pictures in infra 
red wavelengths. A user may learn this feature and enter a 
search query Such as ‘Acme camera infrared', hoping to find 
out more information about the Acme 350i. 
0003 Providing an exhaustive list of descriptions of each 
product in a database can be laborious and expensive. In 
addition, significantly increasing the number of entries in a 
database to cover each possible product description can cause 
an exponential increase in the amount of computing time 
needed to search the database. This can limit the usefulness of 
using databases to respond to search queries. 

SUMMARY 

0004. This summary is provided to introduce a selection of 
concepts in a simplified form that are further described below 
in the detailed description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used to limit the scope of 
the claimed subject matter. While certain disadvantages of 
prior technologies are noted above, the claimed Subject mat 
ter is not to be limited to implementations that solve any or all 
of the noted disadvantages of the prior technologies. 
0005 Various embodiments are provided for identifying 
queries that are Submitted to a search engine that are syn 
onyms of a real world object or service or search target. A 
query log is stored in a database located on at least one 
computing device. The query log contains information relat 
ing to queries Submitted to the search engine, the output of the 
search engine in response to each query, and the URL selected 
in the output. An entity is a canonical name Submitted to the 
search engine for a real world object or service. A candidate 
generation module can select a candidate query in the query 
log that shares a click on a URL with the entity. A correlated 
tag module can divide the candidate query and the entity into 
Subsets of the original query. The Subsets are referred to as a 
set of phrase-tag pairs. A correlation measure, referred to as a 
mutual information value, can be made between the set of 
phrase-tag pairs for the candidate query and the set of phrase 
tag pairs for the entity. A candidate filtering module can 
determine a click similarity value between the candidate 
query and the entity based on a set of URLs selected in the 
search engine in response to the outputs of the search engine 
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for the candidate query and the entity. A tag similarity value is 
determined based on the mutual information values. A can 
didate query is selected as an entity synonym if the click 
similarity value and the tag similarity value are greater than 
predetermined thresholds respectively. The entity synonym is 
stored in an entity database to enable the entity synonym to be 
associated with the entity in search engine applications. 
0006. In an additional embodiment, a plurality of candi 
date synonym Strings for an entity string is selected from a 
document collection. A set of phrase-tag pairs are identified 
for each string. A tag mutual information value is calculated 
for each phrase-tag pair in the set for each candidate synonym 
string. A tag similarity is measured between the tag mutual 
information values for the entity string and for the set for each 
candidate synonym String. Candidate synonym strings having 
a tag similarity value greater than a threshold value are 
selected as entity synonyms. As in the previous embodiment, 
the entity synonym is stored in an entity database to enable the 
entity synonym to be associated with the entity in search 
engine applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a block diagram illustrating an embodi 
ment of a system for identifying an entity synonym of an 
entity. 
0008 FIG. 2 is a flowchart illustrating an embodiment of a 
method for identifying an entity synonym of an entity in a 
query log for a search engine. 
0009 FIGS. 3a and 3b show a flowchart illustrating an 
embodiment of a method for identifying an entity synonym of 
an entity. 

DETAILED DESCRIPTION 

0010 Reference will now be made to the exemplary 
embodiments illustrated in the drawings, and specific lan 
guage will be used herein to describe the same. It will never 
theless be understood that no limitation of the scope of the 
technology is thereby intended. Alterations and further modi 
fications of the features illustrated herein, and additional 
applications of the embodiments as illustrated herein, which 
would occur to one skilled in the relevant art and having 
possession of this disclosure, are to be considered within the 
Scope of the description. 
0011. As more commerce and business is accomplished 
using the internet, the ability to quickly locate goods and 
services on the web is becoming increasingly important. In 
addition, searching the web and providing advertising for 
products are valuable businesses on the web in themselves. 
The type of search query used can effect payment for adver 
tising, the location of advertising, the location of a product in 
a search engine's results, and so forth. 
0012 For example, when Acme Products Inc. releases a 
new 10x Zoom camera 350i, the company may use an adver 
tising campaign on the internet to sell the product. Payments 
may be made to search engines to list the product high in a 
search for camera related searches. Payments may also be 
made to advertisers. For example, an advertiser may be paid 
to place a banner ad when certain keywords are entered in a 
search engine query. Such as Acme 350i. In some search 
engines, the location of a result in the search may also depend 
on the popularity of the search language, i.e. how often a 
productor term is searched. However, when a wide number of 
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different search queries are used to search for a single prod 
uct, it can be difficult to link the multiple searches as being 
related to the single product. 
0013 The difficulty in associating a product with syn 
onyms for the product can affect both the efficiency and 
placement of advertising on the internet, as well as the pay 
ment received by those providing advertising. For instance, 
when a fairly obscure search term for the Acme camera is 
used, web sites that sell the camera may be positioned low in 
the search results. In addition, a banner advertisement may 
not be displayed if the search query is not recognized as being 
related to the product. This can limit the income of both the 
seller of the product and the advertiser. 
0014 Determining when a search query is intended to 
refer to a selected product allows web search engines to 
provide special treatment by providing statistics and informa 
tion about the product. For example, Vertical search engines, 
Such as the Microsoft BingTM shopping search engine, pro 
vide this functionality for a variety of queries. The ability to 
recognize synonyms of products enables the products to be 
identified in a significantly larger percentage of search que 
ries. This also enables a search engine to alter the query and 
include a canonical version of the product name found in a 
database to obtain more accurate results. 
0015. An initial overview of technology embodiments is 
provided below and then specific technology embodiments 
are described in further detail later. This initial summary is 
intended to aid readers in understanding the technology more 
quickly but is not intended to identify key features or essential 
features of the technology nor is it intended to limit the scope 
of the claimed subject matter. The following definitions are 
provided for clarity of the overview and embodiments 
described below. 

0016. The term “canonical' is used herein to refer to a 
standard or accepted phrase for a searched entity. However, it 
is possible that an entity may have a number of different 
canonical phrases, or different canonical terms depending on 
the search engine or web page that is marketing, displaying, 
or selling the entity. The “canonical entity may be selected 
from a search engine query log. 
0017. The term “entity” is defined herein as a text string 
that refers to a real world object or service or search target. For 
example, the text string Acme Products Inc. 10x Zoom Cam 
era 350i' may be the canonical entity for an object marketed 
by Acme Products, Inc. In another example, the term ‘Acme 
Insurance, Inc. OneHealth Insurance Plan” may be the 
canonical entity for a service provided by Acme Insurance, 
Inc. There may be many different accepted canonical entities 
for each real world object or service. For instance, an object 
may have both a name and a part number that are considered 
canonical. An object may also have multiple different names 
that are considered canonical. 
0018. The term "synonym is defined herein as a query 
text string that is intended to refer to the same entity as another 
query text string. For example, Acme Products Inc. 10x 
Zoom Camera 350i', “Acme 10x Zoom Camera’, ‘Acme 
350i', and Acme Camera Infrared’ are all search terms that 
intend to refer to the fictitious 350i model camera marketed 
by Acme Products. 
0019. The term “token' is defined herein as a single word, 
number, or symbol in a query text string. A token is typically 
separated from other tokens in a query text string by spaces, 
but may also be separated by other means Such as tabs, semi 
colons, commas, and so forth. A search String may include 
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several tokens that are not separated. For example, a canoni 
cal search string may be ‘Acme Products Inc. 10x Zoom 
Camera 350i', containing the tokens Acme'. “Products', 
“Inc., “10x”, “Zoom”, “camera', and “350i': while a syn 
onym search String may be ‘Acme350i', containing the 
tokens Acme' and '350i'. 
0020. The term “subset synonym is defined herein as a 
synonym that contains only tokens that are in the canonical 
entity. For example, Acme 350i' is a subset synonym of 
Acme Products Inc. 10x Zoom Camera 350i'. 
0021. The term “non-subset synonym is defined hereinas 
a synonym that contains tokens that are not in the canonical 
entity. For instance, Acme camera infrared' is a non-Subset 
synonym of Acme Products Inc. 10x Zoom Camera 350i'. 
0022. The term “click” or “clicked’, as used herein, refers 
to a selection of a URL in an output of the search engine by a 
person or machine. 
0023 Various embodiments are described for identifying 
an entity synonym in a query text string using a query log of 
a search engine. The entity synonym can include non-Subset 
synonyms as well as Subset synonyms of a selected entity. An 
entity can be any query string in the query log that is deter 
mined to refer to a selected real world object or service. Once 
an entity has been determined, synonyms of the entity can be 
identified. An exemplary system can include a query log 
stored in a database located on at least one computing device. 
The query log can contain information regarding text strings 
(i.e. queries) entered into a search engine. The search engine 
typically responds to a query that has been entered into the 
search engine with an output comprising a list of hyperlinks. 
Each hyperlink is associated with a Uniform Resource Loca 
tor (URL). The URL that is selected by a user or machine can 
be associated with the query (i.e. the text string) in the query 
log. Thus, a relationship between the query and the corre 
sponding URL that is selected as a result of the query can be 
related using the query log. When a different query is made, 
and the same URL is selected in response to the different 
query, it is referred to as sharing at least one click on a URL 
with the first query. A query that shares at least one click on a 
URL with an entity query is referred to as a candidate query 
that may be a synonym of the entity query. Thus, candidate 
queries in the query log can include Subset synonyms, such as 
Acme 350i' from the canonical entity Acme Products Inc. 
10x Zoom Camera 350i', as well as non-subset synonyms, 
such as ‘Acme camera infrared'. 
0024. The challenge, however, is that a large number of 
queries in the query log may share a click on a URL with any 
given entity query. Out of these, a very Small fraction of 
candidate queries may actually contain references to a syn 
onym of the entity. To identify the relatively small fraction of 
candidate queries which also correspond to synonyms of an 
entity, two measures can be performed. One measure is to 
determine how related the candidate query is with an entity 
query. This can be accomplished by measuring the click simi 
larity in the query log between the candidate query and the 
entity query. Second, a measurement can be made to deter 
mine how highly correlated the context of the candidate query 
string and the entity query string are. 
0025 To measure the context between the entity query and 
the candidate query, both the entity query and the candidate 
query can be divided into a set of phrase-tag pairs, where 
the tag is a portion of a candidate query and the phrase is the 
remainder of the candidate query. A statistical correlation 
measure of the context that is common between the entity 
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query and the candidate query is then determined. In one 
embodiment, the context can be measured between each 
phrase-tag pair in the set of phrase-tag pairs for the entity 
query and each phrase-tag pair in the set of phrase-tag pairs in 
the candidate query, as shown in the equations below. One 
type of Statistical correlation measure that can be made is to 
determine the mutual information in the sets. An equation to 
calculate the mutual information in the sets is shown below. 

0026. A tag similarity is measured based on the mutual 
information for the entity query and the candidate query. A 
click similarity is also measured between the entity query and 
the candidate query. The two queries are then determined to 
be synonyms if the measured similarity values are greater 
thana predetermined click threshold value and a tag threshold 
value. 

0027. Additional rule-based filtering may also be con 
ducted. When the entity query and the candidate query meet 
selected rule-based filtering criteria, the threshold values for 
the click similarity and the tag similarity can be decreased 
while still providing a high probability that the candidate 
query is a synonym of the entity query. 

Similarity Functions 

0028. Example similarity functions are now defined which 
can be used to characterize candidate synonym queries rela 
tive to an entity query. 

Click Similarity 

0029 Information contained in one or more query logs for 
a search engine can be modeled as follows. The query log can 
consist of a set of triples: <q., u, f(qu)>, where q is the query 
text string that a user (or machine) sends to a search engine, u 
is the Uniform Resource Locator (URL) string that is selected 
by the user or machine, based on an output of search results by 
the search engine, after the user or machine input the query q, 
and f(qu) is the number of times that the u is clicked for the 
query q as stored in the search log. Each time the URL is 
selected (i.e. clicked) after the query was input to the search 
engine, the search may have been performed by the same user 
or machine or a different user or machine. The triples are 
aggregated information of multiple searches which can be 
derived from search engine raw log data. The information 
may be obtained from one or more different databases con 
taining the search engine data. 
0030. For each query q, a set of clicked URLs is denoted as 
U(q). A similarity between the set of clicked URLs for an 
entity query, U(q), and the set of clicked URLs for a candidate 
query U(q), can be determined using a statistical method for 
comparing the similarity and diversity of sample sets. For 
example, a Jaccard index, also known as a Jaccard similarity 
coefficient, can be used to compare the similarity of the sets 
U(q) and U(q). 
0031. In one embodiment, a cosine similarity function can 
be used to determine a similarity between the set of clicked 
URLs for queries. The cosine similarity function is used to 
measure the similarity between two vectors of n dimensions 
by finding the angle between them. For a pair of queries q and 
q', the cosine similarity function can be used to measure the 
click similarity using the following equation: 
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ue U(q)?t (q') 
Sinclick (q, q) = g! Ug 

X. f(q, u) x X f(q', u)? 
wet (q) 

ite U(q) 

0032. In the example equation above, the output is normal 
ized to have a value between 0 and 1. In other types of 
similarity functions, the output value may be an angle 
between the vectors. 

Tag Similarity 

0033. The set of triples <q., u, f(qu)> can be aggregated to 
<q. f(q)> by Summing up all f(qu) for each distinct q overall 
u. The pairs <q. f(q) are referred to as an aggregated query 
log. 
0034 For each aggregated query log, <q. f(q)>, the query 
string can be divided into two parts: a phrase p and a tag t. In 
one embodiment, the tagt can be selected as an n-token prefix 
oran n-token Suffix of the query string, n is an integer that is 
greater than Zero (n=1,2,3,...) representing the number of 
tokens in a tag, and p can be selected as the remaining tokens 
in the query after removing the tag tokens. In other words, the 
tag comprises the first or the last n tokens in a query string and 
the phrase is the remainder of the query string. If n is set to 1 
and then 2, there are four different tags (2 prefix and 2 suffix). 
For example, for the query string Acme Products Inc. 10x 
Zoom Camera 350i', the following set of phrase-tag pairs are 
derived for n=1 and 2, there are four phrase-tag pairs, as 
shown in Table A. 

TABLE A 

Phrase Tag 

Products Inc. 10x Zoom Camera 350i Acme 
Acme Products Inc. 10x Zoom Camera 3SO 

Inc. 10x Zoom Camera 350i 
Acme Products Inc. 10x Zoom 

Acme Products 
Camera 350i 

This process can be extended to allow the tag to come from 
any portion of the query string, such as the middle of the 
string. The phrase can be the remaining portion of the query 
String. 
0035. For each phrase-tag pair, the aggregated query log 
<q. f(q)> can be re-written as <p, t, f(q)>. The number of URL 
clicks for each URL in the query datalog is Summed for each 
distinct phrase-tag pair (p,t) to form <p, t, f(p.t)>. It should be 
noted that, although the phrase p is a Substring of a query q, 
the phrase p itself may be another query. For simplicity, the 
variable p can be replaced with q so that <p, t, f(p,t)> can be 
rewritten as <q., t, f(q,t)>. 
0036. For each query, the set of tags can be denoted as 
T(q). For each tag, the set of phrases can be denoted as Q(t). 
The Sum of the frequency of clicks for all phrase-tag pairs in 
the query log can be denoted as: 

for all (a,s) 
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A correlation measure made between the phrase-tag pairs in a 
first query string and the phrase-tag pairs in a second query 
string can be measured for the two different query strings to 
provide an additional metric to determine if the query strings 
are synonyms. In statistics, correlation is a member of a broad 
class of statistical relationships between two or more random 
variables or observed data values. In general, correlation can 
be thought of as a normalized measure of covariance. 
0037. In one embodiment, a correlation measure can be 
made by determining a mutual information (mi) value for 
each phrase-tag (qt) pair for each of the query strings. For 
example, the mutual information value between each phrase 
tag pair for a query string can be determined using the fol 
lowing example equation: 

teT(q) 

0038. Using an example of phrase-tag pairs shown in 
Table B, a hypothetical number of clicks for each phrase (q). 
tag (t), and pair f(q,t) is provided for an example illustration. 
The f(q,t) value is the number of clicks for each URL in the 
database for the phrase (q) and the tag (t) pair. This informa 
tion can then be used to measure the mutual information 
between each phrase tag pair in the example query using the 
equation above. 

TABLE B 

Clicks Clicks Clicks 
Phrase (q) f(q) Tag (t) f(t) f(q, t) mi (q, t) 

Acme 350i 62 C868 65 60 2.8 
Acme 350i 62 review 105 55 -11.4 
Acme 350i 62 lens 115 61 -10.0 

Acme Infrared 130 C868 65 63 -5.4 
Acme Infrared 130 lens 115 103 -12.4 

350i lens 120 review 105 98 22.9 

0039. Applying the numbers above for the phrase-tag 
pairs in the first row of Table B, the number of URL clicks f 
(q,t) in the query log for the phrase-tag pair “Acme 350i 
camera' is 60. The sum of the frequency of clicks for all 
phrase-tag pairs in the query log, F, is equal to 60+55--61+ 
63+103+98=440 in this example The sum of the frequency of 
clicks f(q t', where t' is an element of the set of tags, T(q) for 
the query, is equal to the number of clicks for each time the tag 
“camera' appears in the table. Thus, it is equal to 65+65=130. 
The Sum of the frequency of clicks f (q', t), where q' is an 
element of the set of phrases, Q(t), is equal to the clicks for 
each time the phrase ‘Acme 350i' is listed in the table. This is 
equal to 62+62+62–186. Using these values, the equation 
above becomes: 

440 x 60 
mi(q, t) = 60lo 130 x 186 

0040. The actual value attained in the example illustration 
above is not intended to be exemplary of a real world situa 
tion. Rather, it is only used to show an application of the 
equation. Additional types of correlation equations can also 
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be used to measure the mutual information of the phrase-tag 
pairs. A mutual information value is calculated for each 
phrase-tag pair for a selected query. 
0041. A similarity between the mutual information values 
obtained for a pair of queries q and q can be determined using 
a statistical method for comparing the similarity and diversity 
of sample sets. For example, a Jaccard index, also known as a 
Jaccard similarity coefficient, can be used to compare the 
similarity of the mutual information values for the tags of the 
pair of queries q and q'. 
0042. In one embodiment, a cosine similarity function can 
be used to determine a similarity between the pair of queries. 
The cosine similarity function is used to measure the similar 
ity between two vectors of n dimensions by finding the angle 
between them. For a pair of queries q and q', a cosine simi 
larity function, Such as the equation below, can be used to 
measure the similarity of the mutual information values for 
the tags in the query. 

teT(q) teT(q) 

10043. As in the Sim equation, the output in the Sim, 
example above is normalized to have a value between 0 and 1. 
In other types of similarity functions, the output value may be 
an angle between the vectors. 
0044 Assuming four tags are derived from a first query q 
and four tags from a second query q', hypothetical mutual 
information values for each phrase-tag pair for the queries are 
shown in the table below. While the tags are each labeled t 
throught, it is assumed that the tags for each query may be 
different. In this example, it is assumed that the tags t and ta. 
for each query are the same, while tags t and t are different. 

TABLE C 

mi?a, t 

C q 

t 70 95 
t2 8O 8O 
t3 60 71 
t4 32 32 

I0045. Applying the Sim, equation above, the nominator 
is obtained by determining the sum of the intersection of T(q) 
and T(q) for mi (qt) multiplied by mi (q',t). The intersection 
of T(q) and T(q) is the set that contains all elements of T(q) 
that also belong to T(q). The intersection of the sets T(q) and 
T(q) is the mi(q,t) values oft and t in this example. So the 
nominator is equal to the Sum of (t2gxtaq')+(taqxtaq"), or 
80x32+80x32=5120. The denominator is the square root of 
the sum of each mi (qt) value Squared, where t is an element 
of the set T(q), multiplied by the sum of each mi (q',t) value 
squared, where t is an element of the set T(q). The denomi 
nator becomes the square root of (70°,+80°,+60+32)x(95°+ 
80°,+70°-32))'?=(15,924x21,349)'?–18,438. Thus, the 
Sim(qq)=5120/18,438-0.28. A determination can be 
made as to whether the query (q) and the query (q) are 
synonyms based on the values of the Sim, and Sim, 
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equations. If the calculated similarity values are greater than 
the selected threshold values then it is assumed that that the 
two queries are synonyms. 

Architecture 

0046. An example architecture 100 for identifying an 
entity synonym in a query log is illustrated in FIG. 1. An 
overview of the architecture is described prior to discussing 
each of the components in detail. The architecture is com 
prised of three components. A candidate generation module 
104 generates candidate phrases which may be synonyms of 
any one of a given set of entities. A correlated tag computation 
module 108 generates <phrase, tag, mid triples where the 
phrase and tag are correlated and mi denotes their mutual 
information. The phrase and tag may be correlated with 
respect to a query log 112 or with respect to a document 
collection 116. The triples are output to a correlated tag mod 
ule 124, where they are filtered based on their mutual infor 
mation value. The candidate filtering module 120 can identify 
the synonyms from among the candidates generated by the 
candidate generation module. 

Candidate Generation 

0047. The query logs 112 can be exploited to generate 
candidates for a given set E of entities. As previously dis 
cussed, ifa candidate query q' is a synonym of an entity e, then 
there is a good probability that there are queries in the logs 
corresponding to each of the queries e and q' which will share 
at least one click on a URL. Candidate queries can be located 
in the query logs 112. 
0048. The query log112 can be modeled as a set of triples 

<q., u, f(qu)>. The query log may be stored in a database. 
Candidate queries that may contain synonyms of the given set 
E of entities can be selected from the query log using a 
declarative computer language. Such as a structured query 
language (SQL). Other types of query languages may also be 
used to perform functions and queries on the query log. Such 
as Java Persistence Query Language (JPOL) or Hibernate 
Query Language. 
0049. In one example implementation, a SQL query can be 
used to select the candidate queries from the query log112 for 
the given set E of entities. The SQL query can be implemented 
in a map-reduce system such as CosmosTM. Other types of 
distributed computing systems configured to work with large 
data sets on clusters of computers, such as Teradata TM, may 
also be used. In this example, it can be assumed that the query 
log Q is a relation Qqu.f. and the entity set E is a relation 
Ename. 

SQL1: 
Select R1.q AS Candidate, R2.q as Entity 
From Qas R1, Q as R2, E 
WHERE R2.q = E.name and R1.u = R2.u 
GROUP BY R1.q, R2.q. 

0050. The output of the candidate generation module 104 
is a relation CICandidate, Entity. The similarity equations 
can then be used to determine which pairs are synonyms. 

Correlated Tag Computation 

0051. The correlated tag computation module 108 is con 
figured to compute correlated phrase and tag pairs. The output 
is a relation Tp, t, mi where timi is the mutual information 
between a phrase and a tag t. The correlated phrase and tag 
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pairs may be filtered based on the mutual information value. 
The pairs which have a mutual information value that is less 
than a specified threshold may be discarded as having a very 
low probability of being an entity synonym. For instance, in 
one example, the mutual information values having a thresh 
old less than Zero can be discarded. Only those phrase and tag 
pairs which have positively correlated mutual information 
value may be kept. The actual threshold level can be selected 
based on system needs. 
0052. In general, the query logs or a document collection, 
such as WikipediaTM or other documents available on the 
Internet, can be used to identify Such correlated phrases and 
tags. An example technique for determining a mutual infor 
mation value for phrase-tag pairs is described with respect to 
a query log and then extended for use with a document col 
lection. 
0053 For instance, each query in a query log can be 
divided into phrase-tag pairs. The distinct phrases and tags 
can be identified in the query log. The occurrences of the 
phrases and tags can then be identified in the document col 
lection. When a phrase and a tag both occur within the prox 
imity of a document, a phrase-tag pair can be generated. This 
can be used to augment the phrase-tag pairs generated from 
the query log. 
0054. In one embodiment, a SQL query can be used to 
determine phrase-tag pairs for the candidate queries output by 
the candidate generation module 104. A mutual information 
value can then be determined for the phrase-tag pairs. The 
relation AggQqf can denote the aggregated query log. The 
set of triples <q., u, f(qu)> can be aggregated to <q. f(q)> by 
Summing up all f(qu) for each distinct q overallu to form the 
aggregated query log. As previously discussed, q is the query 
text string that a user (or machine) sends to a search engine, u 
is the Uniform Resource Locator (URL) string that is 
selected, based on an output of the search engine, after input 
ting the query q and f(qu) is the number of times that u is 
clicked for the query q. 
0055 A relation Qp, t, f is generated from the aggregated 
query log, where p is a phrase of the query q t is a tag of the 
query q and f is the number of times that a URL in the 
aggregated query log has been clicked for the phrase-tag pair. 
For each tuple qf in AggQ, the tuples p.t, fare generated 
where (i) either concat (p.t) or concat (t,p) is equal to q, and 
(ii) t is non-empty and contains at most a constant number of 
tokens. For example, t may contain one or two tokens. Q' can 
be aggregated by Summing up all of the f values for each 
phrase-tag pair. The Summation provides the relation AggP 
p.t,f(p.t). 
0056. The summation AggPp.t,f(p,t) can then be filtered 
to retain the phrase-tag (p, t) pairs having a mutual informa 
tion value greater thana selected threshold value. An example 
SQL query, labeled SQL2, follows. The SQL2 query 
describes the computation of the phrase-tag pairs with high 
mutual information to obtain the relation PTmip,t.mi. The 
SQL2 query is first used to obtain the sum of f(p,t) in AggP. 

SQL2: 
SELECT SUM(f(p,t)) FROM AggP 
The sum is donted by F. 
SELECT PTp, PT.t, PTf(pt)*log((PTf(pt)*F)/(Pf:Tf)) ASmi 
FROM AggPAS PT, 
(SELECT p, SUM(f(p,t)) AS f FROM AggP GROUP BY p) ASP. 
(SELECT t, SUM(f(pt) AS f FROM AggP GROUP BY t) AST 
WHERE PTp=Pp AND PT.t=Tt 
HAVING >O 



US 2011/0282856 A1 

Candidate Filtering 
0057. An example is now provided to show how to filter 
the candidate synonyms for a given entity e. As previously 
discussed, two similarity measurements are used, click simi 
larity and tag similarity, to filter the candidate synonyms. 
Other filtering mechanisms that can be used include rule 
based filtering and Subset-Superset filtering. 

Similarity-Based Filtering 

0058 Similarity-based filtering uses two thresholds to 
determine if a candidate synonym is a synonym of a given 
entity e. The two threshold values, as previously discussed, 
are click similarity (th) and tag similarity (th). For each 
candidate pair (e., e'), the click similarity Sim(e.e') is first 
computed. If Sim(e.e')2th then the tag similarity 
value Sim(e.e') is computed using the mutual information 
values obtained from the correlated phrase-tag pairs. If Sim, 
(e.e')2th, then the candidate synonym e' is considered to be 
a synonym of e. 
0059 A set of rules can also be applied to quantify rule 
based synonyms. If the candidate pair (e.e') satisfy one or 
more of the rules then this provides additional evidence that 
the candidate synonym is a synonym of the entity e. With this 
additional evidence, the corresponding threshold values 
the and the can be reduced. For example, with no addi 
tional rule based filtering, the threshold values may each be 
0.95. These threshold values may be reduced by a selected 
amount, such as 0.025 for each rule that the candidate pair 
(e.e') satisfies. The values listed here are provided as 
examples and are not intended to infer an actual value to the 
threshold levels or the reduction amount for the rule based 
filtering. The actual threshold values can be selected based on 
the level of accuracy desired in determining a candidate Syn 
onym is a synonym of the entity e. 
0060. In one embodiment, different types of rules used in 
rule-based filtering may result in different reduction levels. 
Rules that provide a high level of probability that the candi 
date synonym is a synonym of the entity may enable a greater 
reduction in the threshold values thana rule that only provides 
a relatively small increase in the probability for the candidate 
synonym to be an actual synonym of the entity. 
0061. In one embodiment, the rules can be classified into 
categories. Several example rules are provided as follows. 

0062 1. Spelling: this is measured by string edit dis 
tance. The String edit distance may be measured using 
the Levenshtein distance metric. If the edit distance 
betweene and e' is Small (Such as no larger than 1), then 
the candidate pair (e.e') is considered to satisfy the spell 
ing rule. 

0063. 2. Stemming: if the stemmed forms of eande' are 
the same, then the candidate pair (e.e') is considered to 
satisfy the stemming rule. 

0064 3. Space: let nospace(e) be the result string by 
removing all spaces, tabs, or other delimiters between 
tokens ine. If nospace(e) is the same as nospace (e'), then 
the candidate pair (e.e') is considered to satisfy the space 
rule. 

0065. 4. Abbreviation: suppose e consists of multiple 
tokens t1, t2, ..., th. If e' is concatenated by prefix (t1), 
prefix (t2) ..., prefix (tk), wherein prefix(t) is a prefix 
Substring oft, then the candidate pair (e.e') is considered 
to satisfy the abbreviation rule. 

0066. Additional rules can also be applied to provide fur 
ther evidence that the candidate synonym is a synonym of the 
entity e. The actual number of rules that are applied in rule 
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based filtering can be determined based on system needs. 
Systems having a need for greater accuracy in the determina 
tion of synonyms can use more rule-based filtering to increase 
the probability that a candidate synonym is an actual Syn 
onym of an entity e. 

Lookup Versus Batch Processing 

0067 Candidate generation and filtering techniques can 
be implemented for both lookup and batch processing sce 
narios. 

Lookup 

0068. In the lookup scenario, a user or machine can input 
a single entity name e and query all potential candidates 
synonymse'. In order to enable efficient lookup of potential 
candidate synonyms online, the relation Qqu,f(qu) can be 
pre-processed. This relation is used for candidate generation 
to determine if the candidate synonym shares at least one 
click on a URL with an entity query. The pre-processing is 
used to output a new relation NormQq, u, nf(qu) from the 
query log, where nf(qu) is a normalized weight of (qu) 
which provides efficient computing of the cosine similarity. 
In one embodiment, nf(qu) can be found using the equation: 

urg, u)= - 07 - 
IX f(q, u") it'e U(g) 

0069. Using this normalized weight, the click similarity 
can be computed as follows. 

Simcic (4,4 ")-Yet (an cyfa,u)xnfiq ', ti) 

0070. Using this equation, the computation of click simi 
larity does not require retrieving all u that co-occur with q. 
Instead, only u that co-occur with both q and q are needed. A 
SQL query can be used to normalize the weight to generate 
the relation NormO. One example of such a SQL query is 
shown as SQL3. 

SQL3 

FROM Q 
(SELECT q, SQRT(SUM(f(qu)) AS f FROM Q GROUP BY q) AS QF 
WHERE Q.d=QFq. 

0071. An example SQL query is shown as SQL4 to com 
pute all candidate Synonyms e' Such that Sim (e.e')2th. 

SQL4 
SELECT RI.q AS e, R2.d AS e, SUM(R1.nf R2.nf) AS SimClick 
FROM Normo AS R1, NormCAS R2 
WHERE R2.q = e ANDR1.u = R2.u 
GROUP BY ee 
HAVING SimClick-thClick 

(0072. The output of SQL4 is a relation Ce'e, SimClick. 
It can be observed that SQL4 combines two operations 
together: the candidate generation operation and the click 
similarity filtering operation. The results can be further fil 
tered by tag similarity. 
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0073. The relation PTmip, t, mi can be pre-processed to 
for a normalized weight of the mutual information value mi. 
One example of pre-processing and normalization can be 
accomplished using the following equation. 

innip, t) = mi(p, t) 
X mi(p, t')? 

teT(q) 

0074 An example of a SQL query to find the normalized 
mutual information value for a phrase-tag pair nmi (p.t) is 
shown as SQL5. 

SQL5 
SELECT PTp, PT.t, PT.mi (pt)/PFf AS nmi (pt) 
FROM PTmi AS PT, 
(SELECT p, SQRT(SUM(mi(pt)?) AS f FROM PTmi GROUP BYp) AS 

PF 
WHERE PTp = PFp 

0075. The normalized relation can be NormPTmip, tinmi 
(p.t). The tag similarity filtering can also be achieved using a 
SQL query. One example of a SQL query to filter the tag 
similarity results is shown as SQL6. 

SQL6 
SELECT C.e', C.e., SUM(R1.nmi R2 nmi) AS SimTag 
FROM C, NormPTmi AS R1, NormPTmi AS R2, C 
WHERE C.e' = R1p AND C.e = R2.p AND R1.t= R2.t 
GROUP BYee' 
HAVING SimTag >=thTag 

Batch Processing 

0076. The difference between batch processing and the 
lookup scenario is that in batch processing, the input is a set of 
entities E, instead of one single entity e, as in the lookup case. 
The input entity set can be denoted as a relation Ee. In order 
to use batch processing, SQL4 can be changed to SQL7 as 
follows. 

SQL7 
SELECT R1.q AS e', R2.qase, SUM(R1.nf R2.nf) AS SimClick 
FROM Normo AS R1, NormCAS R2, E 
WHERE R2.q = E.E and R1.u = R2.u. 
GROUP BYee' 
HAVING SimClick >=thClick 

0077. The SQL6 query can also be used to provide filtering 
on tag similarities for phrase-tag pairs of potential candidate 
synonyms for the set of entities E. 
0078. In accordance with the example embodiment illus 
trated in FIG. 1, a system for identifying an entity synonym of 
an entity is disclosed. The system is comprised of a query log 
112 stored in a database 124 located on at least one computing 
device 128. In one embodiment, the database may be distrib 
uted on a computing system configured to work with large 
data sets on clusters of computers. The entity can be a selected 
query in the query log. A candidate generation module 104 is 
configured to select a candidate query in the query log which 
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shares at least one click on a URL with the entity. In another 
embodiment, the candidate generation module can receive a 
set of entities and select each candidate query in the query log 
which shares at least one click on a URL with one of the 
entities in the set of entities. A correlated tag computation 
module 108 is configured to generate a set of phrase-tag pairs 
for the entity query and the candidate query. A mutual infor 
mation value is measured for each phrase-tag pair, as previ 
ously discussed. 
0079 A candidate filtering module 120 is configured to 
determine a click similarity value between the candidate 
query and the entity based on a set of URLs that were selected 
in response to an output of the search engine for each of the 
candidate query and the entity. The candidate filtering module 
is also configured to determine a tag similarity value based on 
the mutual information values of the set of phrase-tag pairs 
for the candidate query and the entity. In one embodiment, the 
click similarity and the tag similarity values can be calculated 
using a cosine similarity function. The candidate query can 
then be selected as an entity synonym if the click similarity 
value and the tag similarity value are greater than a predeter 
mined click threshold value and tag threshold value respec 
tively. 
0080. In one embodiment, the information in the query log 
can be pre-processed to determine a normalized weight for 
the number of clicks on a URL for a query in the query log to 
enable efficient lookup of potential candidate synonyms. The 
normalized weight for the number of clicks may then be used 
in the cosine similarity function to determine the click simi 
larity value for each candidate query. Similarly, the phrase 
tag pairs can be preprocessed to determine a normalized 
weight of the mutual information value. The tag similarity 
value for each candidate query can be determined using the 
normalized weight of the mutual information value. 
I0081. A number of rules can also be applied to a candidate 
query and the entity, as previously discussed. The click 
threshold values and the tag threshold value can be selected 
based on the number of rules that the candidate query and the 
entity satisfy. 
0082 FIG. 2 illustrates an embodiment of a method 200 
for identifying an entity synonym in a query log for a search 
engine. In an initial block 210, first and second queries are 
selected from the query log. The query log can be stored in a 
database located on at least one computing device. The data 
base may be a relational database. As previously discussed, a 
query language. Such as the structured query language, may 
be used to query the contents of the query log. In one embodi 
ment, at least one of the first and second queries can be the 
entity. This enables a determination to be made as to whether 
the other query is a candidate synonym of the entity. 
0083. In block 220, a set of Uniform Resource Locators 
(URLs) are acquired for each of the first and second queries. 
For each query, the set of URLs are categorized that were 
selected in response to an output of the search engine for each 
of the first and second queries. For example, a user or a 
machine may enter a search query into a search engine. The 
search engine will then return a set of hyperlinks to sites that 
are determined by the search engine to be relevant to the 
search query. Each hyperlink is associated with a URL. The 
URL that is selected by the user or machine in response to the 
query is typically stored in the query log. The set of URLs that 
were selected in response to the outputs of the search engine 
for each of the first and second queries can be determined. 
I0084. A click similarity between the first and second que 
ries can be measured based on the acquired set of URLs for 
each of the first and second queries, as depicted in block 230. 
In one embodiment, the click similarity can be determined 
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based on the number of times that a selected URL in the set of 
URLs was clicked for the first query and the number of times 
the selected URL was clicked for the second query. This 
determination can be made for each URL in the set of URLs 
for each of the first and second queries. A cosine similarity 
function can be used to determine a similarity between the set 
of clicked URLs for the first and second queries, as previously 
discussed. 

0085. In block 240, a set of phrase-tag pairs can be iden 
tified for the first query and a set of phrase-tag pairs can be 
identified for the second query. Each tag is comprised of a 
selected number of tokens in the query. The phrase contains 
the remaining tokens in the query. In one embodiment, each 
tag is comprised of one of n prefix tokens or n Suffix tokens in 
the query, where n is an integer value greater than Zero. The 
phrase is the remaining tokens in the query. Thus, for n=1, the 
tag can be the first token of the query or the last token of the 
query, and the phrase is the remaining tokens in the query. For 
n=2, the tag can be the first two tokens of the query or the two 
last tokens of the query, and the phrase is the remaining tokens 
in the query. The set may be comprised of phrase-tag pairs 
that include both the suffix tags and the prefix tags. Thus, for 
n=1 and n=2, the set can comprise four different phrase-tag 
pa1rs. 
I0086. In block 250 the tag similarity between phrase-tag 
pairs for the first and second queries is measured. In one 
embodiment, the tag similarity can be measured using a 
cosine similarity function. Measuring the tag similarity can 
further comprise calculating a tag mutual information value 
for each phrase-tag pair in the set of phrase-tag pairs for each 
of the first and second queries. In one embodiment, measur 
ing the tag similarity involves calculating a tag similarity 
value between the tag mutual information values for the set of 
phrase-tag pairs for the first query and the tag mutual infor 
mation values for the set of phrase-tag pairs for the second 
query, as previously discussed. 
0087. A determination can be made as to whether the first 
and second queries are synonyms if the click similarity and 
the tag similarity measurements are each greater than a pre 
determined threshold value, as depicted in block 260. In block 
270, a query that is determined as a synonym can be stored in 
an entity database. The entity database may be located on at 
least one computing device to enable the query synonym to be 
associated with the entity. 
0088. The ability to determine whether a query is a syn 
onym of an entity enables more accurate search results to be 
displayed by the search engine. The location of the entity in 
the output of the search may be based on the number of times 
the entity has been entered in the search engine. By creating 
a more complete database of synonyms for the entity contain 
ing both Subset and non-subset synonyms, a more accurate 
accounting can be made of the true number of searches for the 
entity by taking into account searches for synonyms of the 
entity. In other words, by Summing all of the queries made for 
the entity and the query synonyms of the entity, a determina 
tion can be made as to the placement of the entity in the output 
of the search engine when placement is based on the number 
of queries made. 
0089. Similarly, advertisements in search engines are 
often associated with key words entered as queries in the 
search engine. By creating the more complete database of 
synonyms, an advertisement for the entity can be displayed at 
the output of the search engine when the query is a synonym 
query for the entity. This enables the entity to be better adver 
tised, and the advertisement agency to profit more by display 
ing the advertisement for a broader range of entity synonyms. 
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0090 FIGS. 3a and 3b illustrate an embodiment of a 
method 300 for identifying an entity synonym an entity syn 
onym of an entity. The method comprises providing a query 
log containing a plurality of queries Submitted to a search 
engine, as depicted in block 310, as shown in FIG. 3a. The 
query log can be stored in a database located on at least one 
computing device. In block 320, each of the queries in the 
query log can be divided into a set of phrase-tag pairs. Each 
tag is a selected number of tokens in the query. The phrase is 
the remaining portion of the query. A mutual information 
value can be calculated for each phrase-tag pair in the set of 
phrase-tag pairs for each query, as shown in block 330. The 
process dividing each query into a set of phrase-tag pairs and 
determining the mutual information value for each phrase-tag 
pair can be accomplished using information in the query log. 
0091. The number of phrase-tag pairs can be reduced by 
eliminating those that have a mutual information value less 
than a selected threshold. For example, phrase-tag pairs hav 
ing a negative mutual information value may be discarded. 
Moreover, additional phrase-tag pairs can be formed using a 
document collection, such as WikipediaTM or other docu 
ments available on the Internet. For example, in one embodi 
ment, if a document contains both a selected phrase from the 
set of phrase-tag pairs, as well as a tag, then an additional 
phrase-tag pair can be formed. The location of the phrase and 
tag relative to one another can be limited to a specific window 
size. Such as within 10 tokens of each other. By increasing the 
number of phrase-tag pairs, the accuracy of the mutual infor 
mation values can be increased. 

0092 FIG.3b continues the flow chart of the method 300. 
The method 300 further comprises selecting an entity query 
in the query log, as depicted in block 340. In bock 350, each 
candidate query in the query log is identified. A candidate 
query is a query in the query log that shares at least one click 
on a URL that was selected in response to outputs of the 
search engine for the entity query and the candidate query. In 
other words, in response to an output of the search engine for 
the candidate query, a user or machine clicked on a selected 
URL. In response to an output of the search engine for the 
entity query, a user or machine clicked on the same URL. 
0093. In block 360, a click similarity is measured between 
the entity query and each candidate query based on an 
acquired set of URLs selected for the entity query and each 
candidate query. Each URL that was selected in response to 
an output of the search engine for the entity query is contained 
in one set. Each URL that was selected in response to an 
output of the search engine for a candidate query is contained 
in a set for that candidate query. The similarity between the 
sets is measured. In block 370, a tag similarity is measured 
between the phrase-tag pairs for the entity query and each of 
the candidate queries based on the calculated mutual infor 
mation values. In bock 380, the entity query and a selected 
candidate query are determined to be synonyms when the 
click similarity and the tag similarity measurements between 
the entity query the selected candidate query are greater than 
a tag similarity threshold and a click similarity threshold. In 
block 390, the candidate query that is determined to be a 
synonym to the entity query is stored in an entity database 
located on at least one computing device to enable the candi 
date query to be associated with the entity query. 
0094. Some of the functional units described in this speci 
fication have been labeled as modules, in order to more par 
ticularly emphasize their implementation independence. For 
example, a module may be implemented as a hardware circuit 
comprising custom VLSI circuits orgate arrays, off-the-shelf 
semiconductors such as logic chips, transistors, or other dis 
crete components. A module may also be implemented in 
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programmable hardware devices such as field programmable 
gate arrays, programmable array logic, programmable logic 
devices or the like. 
0095 Various techniques, or certain aspects or portions 
thereof, may take the form of program code (i.e., instructions) 
embodied in tangible media, Such as floppy diskettes, CD 
ROMs, hard drives, or any other machine-readable storage 
medium wherein, when the program code is loaded into and 
executed by a machine, such as a computer, the machine 
becomes an apparatus for practicing the various techniques. 
In the case of program code execution on programmable 
computers, the computing device may include a processor, a 
storage medium readable by the processor (including volatile 
and non-volatile memory and/or storage elements), at least 
one input device, and at least one output device. One or more 
programs that may implement or utilize the various tech 
niques described herein may use an application programming 
interface (API), reusable controls, and the like. Such pro 
grams may be implemented in a high level procedural or 
object oriented programming language to communicate with 
a computer system. However, the program(s) may be imple 
mented in assembly or machine language, if desired. In any 
case, the language may be a compiled or interpreted lan 
guage, and combined with hardware implementations. 
0096 Modules may also be implemented in software for 
execution by various types of processors. An identified mod 
ule of executable code may, for instance, comprise one or 
more blocks of computer instructions, which may be orga 
nized as an object, procedure, or function. Nevertheless, the 
executables of an identified module need not be physically 
located together, but may comprise disparate instructions 
stored in different locations which comprise the module and 
achieve the stated purpose for the module when joined logi 
cally together. 
0097 Indeed, a module of executable code may be a single 
instruction, or many instructions, and may even be distributed 
over several different code segments, among different pro 
grams, and across several memory devices. Similarly, opera 
tional data may be identified and illustrated herein within 
modules, and may be embodied in any suitable form and 
organized within any Suitable type of data structure. The 
operational data may be collected as a single data set, or may 
be distributed over different locations including over different 
storage devices. The modules may be passive or active, 
including agents operable to perform desired functions. 
0098. Furthermore, the described features, structures, or 
characteristics may be combined in any suitable manner in 
one or more embodiments. In the preceding description, 
numerous specific details were provided, such as examples of 
various configurations to provide a thorough understanding 
of embodiments of the invention. One skilled in the relevant 
art will recognize, however, that the invention can be prac 
ticed without one or more of the specific details, or with other 
methods, components, devices, etc. In other instances, well 
known structures or operations are not shown or described in 
detail to avoid obscuring aspects of the invention. 
0099. Although the subject matter has been described in 
language specific to structural features and/or operations, it is 
to be understood that the subject matter defined in the 
appended claims is not necessarily limited to the specific 
features and operations described above. Rather, the specific 
features and acts described above are disclosed as example 
forms of implementing the claims. Numerous modifications 
and alternative arrangements can be devised without depart 
ing from the spirit and scope of the described technology. 

1. A method for identifying an entity synonym of an entity 
in a query log for a search engine, comprising: 
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selecting a first query and a second query from the query 
log, wherein the query log is stored in a database located 
on at least one computing device; 

acquiring a set of Uniform Resource Locators (URLs) that 
were each selected in response to outputs of the search 
engine for the first query and that were each selected in 
response to outputs of the search engine for the second 
query; 

measuring a click similarity between the first and second 
queries based on the acquired set of URLs for the first 
and second queries; 

identifying a set of phrase-tag pairs for the first query and 
a set of phrase-tag pairs for the second query, wherein a 
tag consists of a selected number of tokens in the query 
and the phrase is the remaining tokens in the query; 

measuring a tag similarity between phrase-tag pairs for the 
first and second queries; 

determining the first and second queries are synonyms 
when the click similarity and the tag similarity measure 
ments are each greater than a predetermined threshold 
value; and 

storing a query that is determined as a synonym in an entity 
database located on at least one computing device to 
enable the query synonym to be associated with the 
entity. 

2. The method of claim 1, wherein selecting the first query 
and the second query further comprises selecting the first 
query and the second query from the query log, wherein at 
least one of the first query and the second query is the entity. 

3. The method of claim 2, wherein measuring the click 
similarity further comprises identifying one of the first and 
second queries as a candidate query of the entity when the 
candidate query and the entity share at least one click on a 
URL. 

4. The method of claim 1, wherein identifying the set of 
phrase-tag pairs further comprises identifying the set of 
phrase-tag pairs for the first query and the set of phrase-tag 
pairs for the second query, wherein the tag consists of n prefix 
tokens or n Suffix tokens in the query and the phrase is the 
remaining tokens in the query, where n is an integer value 
greater than Zero 

5. The method of claim 1, wherein measuring the tag simi 
larity further comprises calculating a tag mutual information 
value for each phrase-tag pair in the set of phrase-tag pairs for 
each of the first and second queries. 

6. The method of claim 5, wherein measuring the tag simi 
larity further comprises calculating a tag similarity value 
between the tag mutual information values for the set of 
phrase-tag pairs for the first query and the tag mutual infor 
mation values for the set of phrase-tag pairs for the second 
query. 

7. The method of claim 1, wherein determining the first and 
second queries are synonyms if the click similarity and the tag 
similarity measurements are each greater than the predeter 
mined threshold value further comprises setting the predeter 
mined threshold values for the click similarity and tag simi 
larity measurements based on a number of rules that the first 
and second queries satisfy. 

8. The method of claim 1, further comprising Summing all 
queries made in the search engine for the entity and query 
synonyms of the entity to determine a placement for the entity 
in the output of the search engine, wherein placement in the 
output is based on a number of queries made. 
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9. The method of claim 1, further comprising displaying an 
advertisement for the entity at the output of the search engine 
when the query is determined to be a synonym query of the 
entity. 

10. The method of claim 1, further comprising identifying 
additional phrase-tag pairs for the entity from document col 
lections available on the internet. 

11. A system for identifying an entity synonym of an entity, 
comprising: 

a query log stored in a database located on at least one 
computing device; 

a candidate generation module configured to select a can 
didate query in the query log which shares at least one 
click on a Uniform Resource Locator (URL) with the 
entity; 

a correlated tag computation module configured to gener 
ate a set of phrase-tag pairs for each of the entity and the 
candidate query, and measure a mutual information 
value for each phrase-tag pair; and 

a candidate filtering module configured to: 
determine a click similarity value between the candidate 

query and the entity based on a set of Uniform 
Resource Locators (URLs) that were each selected in 
response to outputs of the search engine for the entity 
and that were each selected in response to outputs of 
the search engine for the candidate query; 

determine a tag similarity value based on the mutual 
information values of the set of phrase-tag pairs for 
the candidate query and the entity; and 

Select the candidate query as an entity synonym if the 
click similarity value and the tag similarity value are 
greater than a predetermined click threshold value 
and tag threshold value respectively. 

12. The system of claim 11, wherein the candidate genera 
tion module is configured to receive a set of entities and select 
each candidate query in the query log which shares at least 
one click on a Uniform Resource Locator (URL) with one of 
the entities in the set of entities. 

13. The system of claim 11, further comprising pre-pro 
cessing the information in the query log to determine a nor 
malized weight for the number of clicks on a URL for a query 
in the query log to enable efficient lookup of potential candi 
date synonyms. 

14. The system of claim 13, wherein the click similarity 
value for each candidate query in the query log is determined 
using a cosine similarity function with the normalized weight 
of the number of clicks on the URL for each candidate query. 

15. The system of claim 12, further comprising pre-pro 
cessing the phrase-tag pairs to determine a normalized weight 
of the mutual information value. 
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16. The system of claim 15, wherein the tag similarity 
value for each candidate query is determined using the nor 
malized weight of the mutual information value. 

17. The system of claim 11, wherein the correlated tag 
computation module is further configured to select the 
phrase-tag pairs having a mutual information value greater 
than a predetermined threshold. 

18. The system of claim 11, wherein the candidate filtering 
module is further configured to determine a number of rules 
that the entity and the candidate query satisfy and select the 
click threshold value and the tag threshold value based on the 
number of rules that the entity and the candidate query satisfy. 

19. A method for identifying an entity synonym of an 
entity, comprising: 

providing a query log containing a plurality of queries 
Submitted to a search engine, wherein the query log is 
stored in a database located on at least one computing 
device; 

dividing each of the queries into a set of phrase-tag pairs, 
wherein each tag is a selected portion of the query and 
the phrase is a remaining portion of the query; 

calculating a mutual information value for each phrase-tag 
pair in the set of phrase-tag pairs for each query; 

selecting an entity query in the query log; 
identifying each candidate query in the query log, wherein 

each candidate query shares at least one click on a URL 
that was selected in response to outputs of the search 
engine for the entity query and the candidate query; 

measuring a click similarity between the entity query and 
each candidate query, wherein the click similarity is 
based on an acquired set of URLs that were selected in 
response to outputs from the search engine for the entity 
query and an acquired set of URLs that were selected in 
response to outputs from the search engine for each 
candidate query; 

measuring a tag similarity between the phrase-tag pairs for 
the entity query and each of the candidate queries based 
on the calculated mutual information values; 

determining the entity query and a selected candidate 
query are synonyms when the click similarity and the tag 
similarity measurements between the entity query and 
the selected candidate query are greater than a tag simi 
larity threshold and a click similarity threshold; and 

storing a candidate query that is determined as a synonym 
to the entity query in an entity database located on at 
least one computing device to enable the candidate 
query to be associated with the entity query. 

20. The method of claim 19, further comprising filtering 
phrase-tag pairs when the phrase-tag pair has a mutual infor 
mation value less than a selected threshold. 
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